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Description

FIELD OF THE INVENTION

[0001] The present invention concerns a method for

identifying mesenchymal skeletal progenitor cells by

identification of cells which feature on their surface fi-

broblast growth factor receptor 3 (FGFR3).

[0002] The present invention further concerns a meth-

od for obtaining mesenchymal skeletal progenitor cells

by utilizing FGFR3-binding agents. The invention still

further concerns a substantially pure culture of mesen-
chymal skeletal progenitor cells as well as pharmaceu-
tical compositions and implants comprising said mesen-
chymal skeletal progenitor cells.

[0003] By another aspect the invention concerns a

method for identification of cartilage-bony tumor and

pharmaceutical compositions for the treatment of carti-

lage-bony tumor.

BACKGROUND OF THE INVENTION

[0004] Skeletal growth depends both on proper func-

tion of the tissue cellular elements - the chondrocytes,

and their cell membrane receptors in the cartilaginous

growth centers of the long bones, as well as on the nor-

malcy and levels of circulating and local hormones and
growth factors. Growth disorders are therefore classi-

fied into two distinct categories (a) failures in a circulat-

ing factor, and (b) failures in the target cartilaginous tis-

[0005] The course of normal differentiation begins

with mesenchymal stem cells which differentiate to skel-

etal progenitor cells which can either differentiate to pre-

cartilaginous stem cells, which eventually form the car-

tilage, or to preosteogenic stem cells which eventually

form the bone.

[0006] Marrow derived mesenchymal cells which can
be activated to differentiate into specific types of con-

nective tissue, and which can be used to treat skeletal

and other connective tissue disorders have been de-

scribed in US 5,226,914.

[0007] In attempts to trace the mesenchymal stem
cells supporting growth and their routes of migration in

normals and in the family of growth disorders, there are

difficulties, including the lack of proper markers for these

specific mesenchymal stem cells. For example, spotty

and incomplete information is available regarding the

original location and the routes of migration of the

growth plate stem cells, supporting the longitudinal and
the transverse growth. A long lasting dispute of over a

hundred years, which may be called "Ranvier versus La
Cro2ix" is still perpetuating. In 1889 Ranvier stated

"Cells forming the periosteal bone, originate from the

cells of the growth plate", while in 1951 La Croix de-

clared "Appositionalgrowth occurs from cells ofthe peri-

chondral periphery". Ranvier's theory gained support at

the early seventies from Rigal, Hert, J. (Acta Anat (Ba-

zel) 82:420-436 (1972)) and others, and in the nineties

by Langenskiold ef al. (Acta. Orthop. Scand., 64:

683-687 (1993)), suggesting that cells from the germinal

layer migrate to the borderline of the bone groove, serv-

s ing as the source for both longitudinal and transverse

bone growth.

[0008] Afull understanding of the various types of car-

tilage cells and the factors that effect mesenchymal dif-

ferentiation, however, has been hampered due to failure

10 to locate the original location of the primary reservoir of

these cells and thus the limitations of in vitro cell culture.

One difficulty has been the lack of specific phenotypic

markers to follow successive differentiation events.

Type II collagen secretion is considered a major early

15 marker of chondrocyte differentiation, while the synthe-

sis of alkaline phosphatase is an early marker of oste-

oblast differentiation. Mature osteoblasts also produce

osteopontin, osteonectin, and osteocalcin, three extra-

cellular matrix proteins deposited together with type I

20 collagen into mineralized bone matrix. Unfortunately,

only a few differentiation markers have been identified,

and several of these, such as alkaline phosphatase, os-

teopontin, and osteonectin, are not specific for osteo-

genic differentiation, while others, such as osteocalcin,
.

25 are rarely expressed in vitro. In addition, mesenchymal
cell lines and primary cultures of differentiating chondro-

cytes and osteoblasts display a variable phenotype and

are often a mixture of cell types at different stages of

differentiation (Eriebacher, A. ef al, Cell 80:371-378,

30 (1995); Yamaguchi, TP. and Rossant, J., Current Opin-

ion in Genetics and Development 5:485-491 (1 995)).

[0009] Thus it would have been highly desirable to de-

velop a marker capable of locating precisely the site and

source of stem cells supporting and contributing to both

3$ longitudinal and transverse growth and for bone repair

both for better understanding of the mechanism of mes-
enchymal development in normal and pathological con-

ditions, as well as for the purpose of obtaining a sub-

stantially pure culture of mesenchymal skeletal progen-
*o itor cells for therapeutical purposes.

SUMMARY OF THE INVENTION

[0010] The present invention is based on the surpris-

es ing finding that fibroblast growth factor receptor 3

(FGFR3) serves as a marker for mesenchymal skeletal

progenitor cells. The present invention is further based

on the surprising finding that the anatomical location of

mesenchymal skeletal progenitor cells is in the peri-

50 chondrium in the La Croix groove.

[0011] The term "mesenchymal skeletal progenitor

cells" will be used in the following to denote the following

types of cells: (a) mesenchymal stem cells which are

able to differentiate to skeletal progenitor cells, (b) skel-

55 etal progenitor cells, (c) precartilaginous stem cells, and
(d) preosteogenic stem cells or a combination of two or

more ofthe above cell types. The mesenchymal skeletal

progenitor cells all share the property of contribution to
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the growth of bone and/or cartilage, show enhanced

proliferation properties as compared to other types of

cartilage and bone derived cells and also a tendency to

migrate in the presence of suitable chemotactic agents

such as fibroblast growth factor 9. 5

[0012] These mesenchymal skeletal progenitor cells,

in early stages of embryonal and neonatal life, support

the growth of both articular and physis growth-plate car-

tilages. However, quite early in life, a few months post-

birth, the connection of these stem cells to the articular <o

zone is abolished leading to the poor self-wound healing

of articular cartilage. Such mesenchymal skeletal pro-

genitor cells continue to maintain the cell source for the

longitudinal and latitudinal (transverse) growth of long

bones, until the closure ofthe physis (at the age of 1 8-22 «
years), and continue to provide the stem cell reservoir

of the periosteum, involved in the callous of bone frac-

tures all through life. In adult life, especially at advanced

ages, a technique for tracing undifferentiated cell source

with a potential to establish proliferating chondrocytes 20

has previously failed due to the scarcity of such a cell

source and the inadequatabilily of markers for such un-

differentiated cells.

[0013] By using the discovery on which the present

invention is based, namely that FGFR3 is a marker for 25

mesenchymal skeletal progenitor cells, it was possible

to develop a method for identification of mesenchymal

skeletal progenitor cells by identifying those cells which

feature FGFR3 on their surface. Such a method may be

important for tracing mesenchymal skeletal progenitor so

cells for example for better understanding of pathologi-

cal conditions of growth arrest involving FGFR3 recep-

tors for example those leading to genetic dwarfism-

achondroplasia or persistent expression in multiple he-

reditary exostosis and reexpression in primary osteoar- 35

thritic osteophytes.

[0014] Thus the present invention provides a method
for identifying mesenchymal skeletal progenitor cells

comprising:

(a) applying a fibroblast growth factor receptor 3

(FGFR3) binding agent to assayed cells or tissue

under conditions allowing ligand-receptor binding;

(b) determining which cells bound said FGFR3
binding agent, said cells being mesenchymal skel- 15

etal progenitor cells.

[0015] The FGFR3 binding agent which may be an

antibody or fibroblast growth factor 9 (FGF9) should be

labeled and applied to the assayed tissue, for example 50

to tissue of the joint. Those regions which are labeled

serve as a source for mesenchymal skeletal progenitor

[0016] Preferably, the source for the mesenchymal
skeletal progenitor cells is the perichondrium at the re- 55

gion of La Croix, and the region which meets the syno-

vial membrane and the periosteum.

[0017] The method of the present invention may be
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used to identify and locate mesenchymal skeletal pro-

genitor cells in various tissues such as at the joints for

various purposes, for example for obtaining a culture of

mesenchymal skeletal progenitor cells, proliferating

them in vitro and then reintroducing them to the body in

order to encourage cartilage and bone growth. Alterna-

tively, identifying these cells enables their removal from

the tissue site in order to eliminate excess activity of

such stem cells in various diseases and disorders char-

acterized by over-activity of undifferentiated mesenchy-

mal skeletal progenitor cells. Furthermore, by locating

the regions of the FGFR3 carrying cells, it is possible to

manipulate such cells in situ by administering to the ex-

act location of these cells various modulating agents.

Such agents may be agents capable of stabilizing the

FGFR3 and thus maintaining for longer periods of time

the undifferentiated proliferating state of these cells, an

example being FGF9. Alternatively, the agent may
cause premature differentiation of FGFR3 carrying

cells, an example being an FGF9 antagonist.

[0018] By using the fact that FGFR3 is a marker of

mesenchymal skeletal progenitor cells, it was possible

for the first time to obtain a substantially pure culture of

such cells from a non-embryonic source. According to

the method of the present invention, by using the

FGFR3 as a marker, it was found that the mesenchymal

skeletal progenitor cells are located in the perichondri-

um ring (region of La Croix) present in the periphery of

the growth plates. The poor self-wound healing of artic-

ular cartilage late in life may be explained on the basis

of disconnection of these articular zones from the

source of their potential stem cells at the perichondria!

La Croix region which occurs at the cessation of growth.

[0019] Thus, the present invention enables not only

localization of mesenchymal skeletal progenitor cells,

but also obtaining for the first time a substantially pure

culture of large amounts of such cells. The term "sub-

stantially pure culture" denotes a culture composed es-

sentially of one or more of the four cell types covered by

the term "mesenchymal skeletal progenitor cells" as de-

fined above.

[0020] The present invention thus concerns a method

for obtaining large amounts of mesenchymal skeletal

progenitor cells from various sources, as will be ex-

plained hereinbelow. The mesenchymal skeletal pro-

genitor cells may be identified, and separated from the

other cells in the source, by utilizing either specific an-

tibodies against FGFR3, or by using a specific ligand for

this receptor such as the FGF9 ligand.

[0021] The method for obtaining a substantially pure

culture of mesenchymal skeletal progenitor cells com-

prises:

(c) applying an FGFR3-binding agent to a cell

source containing mesenchymal skeletal progeni-

tor cells; and

(d) separating from said source only cells which are

bound FGFR3, said cells providing a substantially
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pure culture of mesenchymal skeletal progenitor

[0022] Separation may be carried out surgically, for

example by picking up with a scalpel only those regions s

which are bound to an FGFR3 labeled binding agent, or

may be carried out by utilizing various cell separation

systems which are able to separate individual cells bear-

ing a specific label (the FGFR3 binding agents) from an

unlabeled population of cells in the source. 10

[0023] Suitable sources for obtaining such mesen-

chymal skeletal progenitor cells is an autogenic source

available from arthroscopic or bone marrow biopsies.

The biopsy source may be non-proliferating chondro-

cytes or dedifferentiated fibroblast-like cells. The cell is

source may also be obtained from regions of the peri-

chondrium, synovial membrane or periosteum or the lo-

cation in which these regions meet. Only by utilizing a

specific marker it is possible to isolate mesenchymal
skeletal progenitor cells from these sources due to the 20

scarcity of these cells in the tissue. Alternatively the cell

source may also be embryonic.

[0024] Mesenchymal skeletal progenitor cells ob-

tained from these sources may be induced to proliferate

ex vivo in the presence of suitable growth factors and 25

heparin and then reintroduced into the body either in the

form of pharmaceutical composition within a medium
suitable for maintaining the viability of chondrocytes, or

introduced to the desired site in the form of an implant,

wherein the mesenchymal skeletal progenitor cells are 30

present inside a growth-permissive gluey milieu. It is

preferable that both the pharmaceutical composition

and the implant contain also suitable fibroblast growth

factor, preferably fibroblast growth factor 9, in order to

stimulate the activity of the FGFR3 present on those 35

mesenchymal skeletal progenitor cells.

[0025] The pharmaceutical compositions or the im-

plant of the invention may be used for the purpose of

repair and regeneration of defective articular cartilage,

for treatment of achondroplastic patients, for treatment *o

of patients suffering from other growth disturbances and
for treatment of physical injuries with poor predicted rate

of cartilage and bone growth. The pharmaceutical com-
position or the implant of the invention may be used as

interventions for manipulating the rate of growth within «
growth plates in order to increase the growth rate and/

or prevent premature differentiation; or may be used for

direct injection into the nucleus pulposus of the fine ver-

tebrae in order to enhance the healing of spine injuries.

If desired, the autologous mesenchymal skeletal pro- so

genitor cells may be altered, ex Wvo by molecular engi-

neering to express desirable traits prior to introduction

into the desired site. Examples of genetic manipulations

are those directed to over-expression of wild type

FGFR3 in order to replace a mutant defective receptor, 55

or the expression of a dominant negative mutant FGFR3
in order to suppress the activity of a wild type receptor,

for example, in the cases of various types of tumors and
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the like.

[0026] In practice, the method of the invention com-

prises embedding the mesenchymal skeletal progenitor

cells in a viscous growth-permissive milieu, usually

based on hyaluronic acid, forming a composite semi-

solid implant. The implant is transferred to the target site

of growth, for example the articular lesion site, either un-

der open joint surgery or by an arthroscopic device, fill-

ing the lumen of the injury to the articular surface. A thin

permeable film is formed by a spraying device, closing

the defect and ensuring the anchorage and mainte-

nance of the implant in its authentic place.

[0027] By another aspect, the present invention is

based on the finding that FGFR3 is also present on car-

tilagineous-bony tumors, for example, benign tumors (e.

g. exostosis and osteophytes) and thus may serve both

as an indicator of the presence of such a tumor as well

as a marker for the precise localization of such tumors.

Therefore, the present invention further comprises a

method for detection of cartilaginous-bony tumors in a

tissue or a sample comprising:

(i) contacting the assayed tissue or sample with an

FGFR3 binding agent;

(ii) detecting the presence of cells which bound

FGFR3 binding agent a positive detection indicating

the presence of a cartilaginous-bony tumor in the

assayed tissue or sample.

[0028] The detection may be carried out by using suit-

able labeled antibodies against FGFR3, or by use of

specific labeled ligands for FGFR3, such as FGF9. By
applying said labeled FGFR3 binding agent to a tissue

in vivo it is possible not only to determine whether a tu-

mor is present in the tissue, but also to precisely localize

the tumor which may help in surgical removal thereof.

[0029] The fact that the FGFR3 is present on cartilag-

inous-bony tumor cells, may also serve to target cyto-

toxic agents specifically to the site of the tumor, by at-

taching to a specific ligand to FGFR3 such as FGF9, or

a specific antibody against FGF9, a suitable cytotoxic

moiety. Thus the present invention is further directed to

pharmaceutical compositions for the treatment of carti-

laginous-bony tumors comprising an FGFR3 binding

agent attached to a cytotoxic moiety, as well as to a

method for the treatment of such tumors by administer-

ing to a subject a therapeutically effective amount of

FGFR3 attached to a cytotoxic moiety.

[0030] Cytotoxic agents are well known in the art and

this term, within the context of the present invention, re-

fers to any agent capable of destroying cartilage- and

bone-derived tumor cells. Examples of such agents are,

for example methotrexate, doxombicin, cyclophospha-

mides, etc.

[0031] Treatment of cancer may also be carried out

by inducing differentiation of FGFR3 carrying cells. This

may be carried out for example by introduction of

FGFR3 differentiation inducing agents to regions la-
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beled by a FGFR3-binding agent. Examples of differen-

tiation inducing agents are FGF9 antagonists or anti-

bodies against FGF9.

[0032] The treatment may also be carried out by in-

troducing to the tumor a dominant negative detective s

FGFR3 (for example, by genetic engineering) which at-

tenuates the activity of the wild type FGFR3.

[0033] In the following the invention will be illustrated

with reference to some non-limiting drawings and exam-
ples. 10

DETAILED DESCRIPTION OF THE DRAWINGS

[0034]

Fig. 1 - Histological staining of epiphyseal section

of guinea pig by antibodies against FGFR3. Photo-

micrographs 1 -5 represent sections through the ep-

iphyses of young adult guinea pig.

20

1. Sagittal section stained with the histological

dye of Masson's trichrome (magnification x 6)

which is a specific staining for connective tissue

elements such as collagen and protoglycans.

2. Sagittal section stained by immunohisto- 25

chemical staining with antibodies against

FGFR3 ( x 400). 3, 4 & 5. Axial sections.

3. Immunohistochemical staining for the anti-

body agent FGFR3 (x 100);

4. Masson's trichrome (x 25); and 30

5. Immunohistochemical staining for the anti-

body agent FGFR3 (x 400).

Fig. 2 consists of photomicrographs 6-11 represent-

ing sagittal sections through the epiphyses of 17 35

days old chick embryos of long bones.

Photomicrographs 6, 10 & 11 are stained by the

immunohistochemical staining with antibodies

against FGFR3 and 8 is stained by Alcian blue pH
2.5 specific for protoglycans (note lack of staining *o

in certain areas).

The photomicrographs are magnified as fol-

lows: 6 (x 25); 7 (x 40); 9 (x 100); 10 (x 400); and
11 (x 100).

7 & 9 are stained by Masson's trichrome. 45

Fig. 3 shows the femur growth in adolescent rats in

which the prechondrian ring surrounding the physis

was removed (STRIP); in rats which underwent ex-

posure of perichondrium without its removal

(SHAM); and in rats which did not undergo any op- so

eration (CNTL); and

Fig. 4 shows the number of days until colony for-

mation of cells, grown in vitro, obtained from artic-

ular cartilage, epiphysis, physis and perichondrium.

DETAILED DESCRIPTION OF THE INVENTION

Materials and Methods

(a) Primary Chondrocyte Culture:

[0035] Epiphysis of long bones (femur and tibia) were

obtained from 11 days old chicken embryos. After dis-

section, tissue segments were treated with trypsin in Ty-

rod's solution and mechanically disrupted until free cell

suspension was obtained. Cells were then plated in high

concentration (5x1

0

s
).

(b) PCR screening of primary chondrocyte cultures:

[0036] When confluence was reached, cells were col-

lected and lysed by RNA purification kit (tri-reagent)

(Molecular Research Center, Cincinnati, Ohio). RNA
from cells was phenol extracted, isopropanol precipitat-

ed, resuspended in water, and assayed by measuring

its optic density. After obtaining clean RNA (O.D.

260/280nm>1 .5), cDNA using reverse transcriptase re-

action was made and screened for fibroblast growth fac-

tors (FGFs). The polymerase chain reaction (PCR) tech-

nique was used, employing oligonucleotide pairs for

both FGFR3 and FGF9. Denaturation was at 94"C, an-

nealing at 52-65'C, and elongation at 72°C, repeated

for 35 cycles.

(c) Radiolabeiino, of FGF9:

[0037] Recombinant mouse FGF9 was prepared as

previously described (Hecht, D. eta/, Growth factors 12,

223-233 (1995)) labeled with Na125
l (0.5mCi) using the

Chloramine-T method and separated from free iodine

on a heparin-sepharose column. The range of specific

activity was 0.5-2 x 1 05 cpm/ng.

(d) Immunohislochemistry:

[0038] Decalcified bones were embedded in liquid

paraffin after fixation by formalin and picric acid. Paraffin

blocks were cut and prepared for immunohistochemistry

using a standard protocol. Staining of slides was done
with ascending titer of anti-FGFR3 antibody.

(e) In situ hybridization:

[0039] T7 (antisense probe) and T3 (sense probe)

were made from recombinant FGF9 and FGFR3 con-

taining plasmid (Bluescript-Stratagen), using S-35 la-

beled uridine residues. Mouse embryos aged 10.5 to

18.5 days post-conception were fixed in paraformalde-

hyde, dehydrated in ascending concentrations of etha-

nol, and embedded in liquid paraffin. Sections were cut

and prepared and hybridized with a proper RNA probe

by standard methods.
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Example 1

Histochemical staining by antibodies against

FGFR3

[0040] As can be seen in Fig. 1, regions which were

stained with antibodies against FGFR3 did not corre-

spond to regions stained by Masson's triehrome which

is an accepted cartilage stain. These findings indicate

that FGFR3 bearing cells are not located in the cartilage io

itself but rather in the perichondrium in the region known

as La Croix groove.

Example 2

15

Stripping of the ring of La Croix in adolescent rats

[0041] 1 0 rats were included in each of three groups.

Group 1 served a s a control group (CNTL). Rats were
anesthetized but no operation was performed. Group 2 20

(SHAM) served as a sham operation group and under-

went anesthesia and dissection of soft tissues exposing

the perichondrium. Group 3 (STRIP) underwent strip-

ping of the perichondria! ring surrounding the physis un-

der loop magnification which allowed dissection of the 25

soft tissues only without any damage to the physis itself.

4 weeks later average femur length was measured in

rats and the results are shown in Fig. 3. The contra-lat-

eral limb was similar in length in operation to the control

limbs (data not shown). The sham operated limbs dem- 30

onstrated a tendency for increase in limb length which

did not reach statistical significance. The stripped limbs

demonstrated a growth arrest of the limb. These results

indicated that removal of regions which were stained by

FGFR3-antibodies causes arrest in limb length indicat- 35

ing the involvement of such regions in normal growth.

Example 3

In vitro growth of cells obtained from the ring of La »
Croix

[0042] Perichondria! tissue from the La Croix region

removed from the above rats was placed in a culture

dish in a suitable growth medium and the period until «
colony formation was determined. In comparison, tissue

obtained from various locations of the distal femur (ar-

ticular cartilage, epiphysis (bone), physis (cartilage))

was cultured under the same conditions and the period

until colony formation was also determined. so

[0043] As can be seen in Fig. 4, tissue removed from

the perichondrium demonstrated an ability to rapidly

form cell colonies after about 3 days in culture, while

tissue removed from other regions formed cultures only

after more than ten days from implantation. These re- 55

suits again indicate that cells obtained from the region

stained with FGFR3-antibodies grow more rapidly than

cells obtained from other regions of the bone which do

620 B1 10

not feature FGFR3.

Example 4

Presence of FGFR3 in exostosis

[0044] Antibodies against FGFR3 were applied to tis-

sue obtained from exostosis benign tumor. The antibod-

ies stained cells in the fibrotic tissue and essentially did

not stain cells of the cartilage (data not shown). These

findings indicate that FGFR3 is present in cartilaginous-

bony derived benign tumor (exostosis) so that FGFR3
binding agents (such as antibodies) may be used to

identify such tumors as well as to target cytotoxic agents

thereto. This finding also leads to the treatment of such

tumors by agents which cause disappearance of

FGFR3 (for example antagonist of FGF9) and thus lead

to differentiation.

Claims

1 . A method for identifying mesenchymal skeletal pro-

genitor cells comprising:

(a) applying a fibroblast growth factor receptor

3 (FGFR3)-binding agent to assayed cells or

tissue under conditions allowing ligand-recep-

tor binding;

(b) determining which cells bound said

FGFR3-binding agent, said cells being mesen-

chymal skeletal progenitor cells.

2. A method according to claim 1, wherein the

FGFR3-binding agents are antibodies specific fbr

FGFR3.

3. A method according to claim 1, wherein the

FGFR3-binding agent is fibroblast growth factor 9

(FGF9).

4. A method for obtaining a substantially pure culture

of mesenchymal skeletal progenitor cells, wherein

said culture is composed of one or more of the fol-

lowing four cell types: (a) mesenchymal stem cells

which are able to differentiate to skeletal progenitor

cells, (b) skeletal progenitor cells, (c) precartilagi-

nous stem cells, and (d) preosteogenic stem cells,

said method comprising:

(a) applying FGFR3-binding agent to a cell

source containing mesenchymal skeletal pro-

genitor cells; and

(b) separating from said source cells which

bound said FGFR3-binding agent, said cells

providing a substantially pure culture of mes-

enchymal skeletal progenitor cells.
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5. A method according to claim 4, wherein the cell

source is autogeneic being non-proliferating

chondrocytes, dedifferentiated fibroblast-like cells,

cells obtained from the perichondrium, synovial

membrane, periosteum, or the cell source are non-

human embryonic cells.

6. A substantially pure culture of mesenchymal skele-

tal progenitor cells which feature FGFR3 on their

surface, wherein said culture is composed of one or

more of the following four cell types: (a) mesenchy-

mal stem cells which are able to differentiate to skel-

etal progenitor cells, (b) skeletal progenitor cells, (c)

7. A substantially pure culture of mesenchymal skele-

tal progenitor cells according to claim 6, wherein

said cells are derived from the perichondrium, syn-

ovial membrane or periosteum or the location in

which these regions meet.

8. A substantially pure culture of mesenchymal skele-

tal progenitor cells according to claim 6, wherein

said cells are precartilaginous stem cells.

9. A pharmaceutical composition suitable for the re-

pair of bone and cartilage comprising the mesen-
chymal skeletal progenitor cells of any one of claims

6 to 8, and a medium suitable for maintaining the

viability of chondrocytes.

bony tumor in the assayed tissue or sample.

16. The method according to claim 1 5, wherein the car-

tilaginous-bony tumor is benign and is exostosis or

osteophyte.

a) Anwendung eines Fibroblasten-Wachstums-

faktor-Rezeptor 3 (FGFR3)-bindenden Agens
auf untersuchte Zellen oder Gewebe unter Be-

dingungen, die eine Liganden-Rezeptor-Bin-

dung ermoglichen;

b) Bestimmung, welche Zellen das FGFR3-bin-

dende Agens gebunden haben, wobei diese

Zellen mesenchymale skelettale Vorlauferzel-

10. A pharmaceutical composition according to claim 9

further comprising a member of the FGF family

which binds FGFR3.

11. A pharmaceutical composition according to claim

10, comprising FGF9.

12. An implant suitable for bone or cartilage implanta-

tion comprising a growth permissive gluey milieu

and mesenchymal skeletal progenitor cells of any

one of claims 6 to 8.

13. An implant according to claim 12 further comprising

a member of the FGF family which binds FGFR3.

14. An implant according to claim 13, comprising FGF9.

15. Amethod for detection of cartilaginous-bony tumors

in vitro in a tissue or a sample comprising:

(a) contacting the assayed tissue or sample
with an FGFR3 binding agent

(b) detecting the presence of cells which bind

to said FGFR3 binding agent, a positive detec-

tion indicating the presence of a cartilaginous-

2. Verfahren gemali Anspruch 1, wobei die

FGFR3-bindenden Agenzien fur FGFR3 spezifi-

sche Antikorper sind.

3. Verfahren gemali Anspruch 1, wobei das

FGFR3-bindende Agens Fibroblasten-Wachstums-

faktor9(FGF9)ist.

4. Ein Verfahren zum Erhalt einer im wesentlichen rei-

nen Kultur mesenchymal skelettaler Vorlauferzel-

len, wobei diese Kultur im wesentlichen aus einem

oder mehreren der folgenden vier Zelltypen be-

steht: (a) mesenchymale Stammzellen, die zur Dif-

ferenzierung zu skelettalen Vorlauferzellen fahig

sind, (b) skelettale Vorlauferzellen, (c) prakartilagi-

nare Stammzellen, und (d) praosteogene Stamm-
zellen, wobei dieses Verfahren umfasst:

(a) Anwendung eines FGFR3-bindenden

Agens auf eine Zellquelle, die mesenchymale

skelettale Vorlauferzellen enthalt; und

(b) Abtrennung von Zellen, die das FGFR3-bin-

dende Agens gebunden haben, aus dieser

Quelle, wobei diese Zellen eine im wesentli-

chen reine Kultur mesenchymaler skelettaler

Vorlauferzellen bereitstellen.

so 5. Verfahren gemali Anspruch 4, wobei die Zellquelle

autogen ist, wobei die Zellen nicht-proliferierende

Chondrocyten, dedifferenzierte fibroblastenartige

Zellen, aus dem Perichondrium, der Synovialmem-

bran, dem Periost erhaltene Zellen sind, oder die

55 Zellquelle sind nicht-menschliche embryonale Zel-

6. Eine im wesentlichen reine Kultur mesenchymaler

8
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skelettaler Vorlauferzellen, die FGFR3 auf ihrer

Oberflache aufweisen, wobei diese Kultur im we-

sentlichen aus einem Oder mehreren der folgenden

vier Zelltypen besteht: (a) mesenchymale Stamm-

zellen, die zur Differenzierung zu skelettalen Vor- $

lauferzellen fahig sind, (b) skelettale Vorlauferzel-

len, (c) prakartilaginare Stammzellen, und (d) prao-

steogene Stammzellen, wobei diese Zellen anhand

des Verfahrens gemafi einem der Anspriiche 1 bis

7. Eine im wesentlichen reine Kultur mesenchymaler

skelettaler Vorlauferzellen gemafi Anspruch 6, wo-

bei diese Zellen vom Perichondrium, der Synovial-

membran Oder dem Periost Oder der Stelle abgelei- «
tet sind, in der sich diese drei Bereiche treffen.

8. Eine im wesentlichen reine Kultur mesenchymaler

skelettaler Vorlauferzellen gemafi Anspruch 6, wo-

bei diese Zellen prakartilaginare Stammzellen sind. 20

9. Eine pharmazeutische Zusammensetzung, die zur

Reparatur von Knochen und Knorpel geeignet ist,

umfassend die mesenchymal skelettalen Vorlau-

ferzellen gemaB einem der Anspriiche 6 bis 8, und 25

ein Medium, das zur Aufrechterhaltung der Lebens-

fahigkeit der Chondrocyten geeignet ist.

10. Eine pharmazeutische Zusammensetzung gemaB
Anspruch 9, weiter umfassend ein Mitglied der 30

FGF-Familie, das FGFR3 bindet.

11. Eine pharmazeutische Zusammensetzung gemalJ

Anspruch 10, umfassend FGF9.

35

12. Ein Implantat, das zur Knochen- Oder Knorpel-lm-

plantation geeignet ist, umfassend ein Wachstums-
permissives klebriges Milieu und mesenchymale
skelettale Vorlauferzellen gemaB einem der An-

spriiche 6 bis 8. 40

13. Ein Implantat gemafi Anspruch 12, weiter umfas-

send ein Mitglied der FGF-Familie, das FGFR3 bin-

det.

14. Ein Implantat gemafi Anspruch 13, umfassend

FGF9.

15. Ein Verfahren zum Nachweis knorpelig-knochiger

Tumoren in vitro in einem Gewebe Oder einer Pro- so

be, umfassend:

(a) In Kontakt bringen des untersuchten Gewe-
bes oder der untersuchten Probe mit einem

FGFR3-bindenden Agens 55

(b) Nachweis der Anwesenheit von Zellen, die

an das FGFR3-bindende Agens binden, wobei

ein positiver Nachweis die Anwesenheit eines

14

knorpelig-knochigen Tumors in dem unter-

suchten Gewebe oder der untersuchten Probe

anzeigt.

16. Verfahren gemaB Anspruch 15, wobei der knorpe-

lig-knochige Tumor gutartig und Exostose oder

Osteophyt ist.

Revendications

1. Procede pour ('identification de cellules de progeni-

teur de squelette de mesenchyme, comprenant:

(a) I'application d'un agent de liaison a un re-

cepteur de facteur de croissance de fibroblas-

tes 3 (FGFR3) pourtester des cellules ou tissus

dans des conditions permettant la liaison li-

gand-recepteur;

(b) la determination des cellules qui se sont

liees au dit agent de liaison au FGFR3, lesdites

cellules etant des cellules de progeniteur de

squelette de mesenchyme.

2. Procede selon la revendication 1 , dans lequel les

agents de liaison au FGFR3 sont des anticorps spe-

cifiques pour FGFR3.

3. Procede selon la revendication 1, dans lequel

I'agent de liaison au FGFR3 est un facteur de crois-

sance des fibroblastes 9 (FGF9).

4. Procede pour I'obtention d"une culture substantiel-

lement pure de cellules de progeniteur de squelette

de mesenchyme, dans lequel ladite culture est es-

sentiellement composee de I'un ou plusieurs des

quatre types de cellules suivants: (a) cellules sou-

ches de mesenchyme qui sont capables de se dif-

ferencier en cellules de progeniteur de squelette,

(b) cellules de progeniteur de squelette, (c) cellules

souches precartilagineuses, et (d) cellules souches

preosteogeniques, ledit procede comprenant:

(a) I'application d'un agent de liaison au FGFR3
a une source de cellules contenantdes cellules

de progeniteur de squelette de mesenchyme;

et

(b) la separation de ladite source des cellules

qui se sont liees au dit agent de liaison au

FGFR3, lesdites cellules procurant une culture

substantiellement pure de cellules de progeni-

teur de squelette de mesenchyme.

5. Procede selon la revendication 4, dans lequel la

source de cellules est autogene, etant des chondro-

cytes non-proliferatifs, des cellules de type fibro-

blaste dedifferenciees, des cellules obtenues a par-

tir de perichondre, de membrane synoviale, de pe-

9
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rioste, ou la source de cellules sont des cellules em-

bryonnaires non-mammaliennes.

6. Culture substantlellement pure de cellules de pro-

geniteur de squelette de mesenchyme qui presen- 5

tent du FGFR3 sur leur surface, dans laquelle ladite

culture est essentiellement composee de I'un ou

plusleurs des quatre types de cellules suivants: (a)

cellules souches de mesenchyme qui sont capa-

bles de se differencier en cellules de progeniteur de 10

squelette, (b) cellules de progeniteur de squelette,

(c) cellules souches precartilagineuses, et (d) cel-

lules souches preosteogeniques, lesdites cellules

etant identifiables par le procede selon I'une quel-

conque des revendications 1 a 3. ts

7. Culture substantiellement pure de cellules de pro-

geniteur de squelette de mesenchyme selon la re-

vendication 6, dans laquelle lesdites cellules sont

derivees du perichondre, de membrane synoviale 20

ou de perioste, ou de I'emplacement ou ces regions

se rejoignent.

8. Culture substantiellement pure de cellules de pro-

geniteur de squelette de mesenchyme selon la re- 25

vendication 6, dans laquelle lesdites cellules sont

des cellules souches precartilagineuses.

9. Composition pharmaceutique appropriee pour la

reparation d'os et de cartilage, comprenant les eel- 30

lules de progeniteur de squelette de mesenchyme
selon I'une quelconque des revendications 6 a 8, et

un milieu approprie pour le maintien de la viabilite

de chondrocytes.

35

10. Composition pharmaceutique selon la revendica-

tion 9, comprenant en outre un membre de la famille

FGF qui se lie au FGFR3.

11. Composition pharmaceutique selon la revendica- «
tion 10, comprenant FGF9.

12. Implant approprie pour I'implantation d'os ou de car-

tilage, comprenant un milieu gluant permissif de
croissance et des cellules de progeniteur de sque- «
lette de mesenchyme selon I'une quelconque des

revendications 6 a 8.

13. Implant selon la revendication 12, comprenant en
outre un membre de la famille FGF qui se lie au so

FGFR3.

14. Implant selon la revendication 13, comprenant
FGF9.

15. Procede pour la detection de tumeurs cartilagineu-

ses-osseuses in vitro dans un tissu ou un echan-

tillon, comprenant:

(a) la mise en contact du tissu ou de I'echan-

tillon de test avec un agent de liaison au FGFR3
(b) la detection de la presence de cellules qui

se lient au dit agent de liaison au FGFR3, une

detection positive indiquant la presence d'une

tumeur cartilagineuse-osseuse dans le tissu ou

I'echantillon teste.

16. Procede selon la revendication 15, dans lequel la

tumeur cartilagineuse-osseuse est benigne et est

I'exostose ou I'osteophyte.

10
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articular epiphysis physis perichondrium
cartilage (bone) (cartilage)

Fig.

4

18


